Phosphorus-doped polysilicon emitters have been fabricated with a low emitter series resistance and an emitter effi.ciency that is 4-5 times higher than that of arsenic-doped polysilicon emitters. These emitters have been realized using conventional ion implantation and rapid thermal annealing. We present a model, which explains the magnitude as well as the temperature dependence of the hole-recombination current in these emitters. This model predicts, in agreement with our experiments, that the emitter efficiency increases for shallower emitters. We also elucidate the difference between arsenic and phosphorus-doped polysilicon emitters.
Introduction
Recently, Kondo et al. [1] and Nanba et al. [2] have shown that, with in-situ phosphorus-doped amorphous silicon, very shallow emitters can be made with a very high emitter efficiency and a low emitter series resistance. Here, we show that a similar result can be achieved, using standard polysilicon deposition, phosphorus implantation and RTA annealing. We present a model, which explains the magnitude, as well as the temperature dependence, of the hole-recombination current in these emitters. Furthermore, we show that the difference between arsenic and phosphorus-doped polysilicon emitters can be explained in terms of perforation of the interfacial barrier between mono-and polysilicon.
Experiments and Results
In a non-selfaligned transistor structure, the base was introduced by a 10 keV B implantation in monosilicon, with doses of 1.2, 2.4 and 3.6x1913.*-2, and annealed for 20 minutes at 900 oC. For emitter formation, a 200 nm-thick CVD polysilicon layer was deposited after HF dipping and implanted with P, using a dose of 1.0 x 1016cm-2. RTA annealing, at temperatures between 900 and 975 oC, during 7 seconds, was used for emitter outdiffusion into the monosilicon. As a reference, one of the wafers was not implanted with P but with 1.0 x 1916"*-2 As. This wafer was RIA annealed 7 seconds at 1100'C. Figure 1 
Interpretation and Discussion
Assuming that the hole-diffusion length in the polysilicon is much smaller than the poly thickness, &11 is given by S"f!:
ua, * at Here, ua is the minority diffusion velocity in the polysilicon and o1, is the velocity at which holes cross the interface from mono to poly and from poly to mono.
For the P-doped emitter S"1y exhibits over more than 
